B. Synthesis and Characterization

Synthesis of Diethyl 5-Aminoisophthalate (S1)
Compound S1 was prepared according to the following modification of literature methods. 4 A 500-mL round-bottom flask was charged with 5-aminoisophthalic acid (10.0 g, 55.2 mmol, 1.00 equiv) and EtOH (100 mL). The reaction mixture was cooled to 0 °C and SOCl2 (12.0 mL, 165 mmol, 3.00 equiv) was added dropwise to the reaction vessel. The resulting mixture was heated at reflux for 5 h. Volatiles were removed in vacuo and EtOAc (100 mL) was added to the residue. A saturated aqueous solution of NaHCO3 (100 mL) was added and the resulting suspension was stirred until the precipitate dissolved. The organic layer was separated and the aqueous layer was extracted with EtOAc (30 mL × 3). The combined organic layers were dried over Na2SO4. Solvent was removed in vacuo to afford 12.0 g of title compound as a white solid (92% yield). 1 
Synthesis of Diethyl 5-Iodoisophthalate (S2)
Compound S2 was prepared according to the following modification of literature methods. 4 A 500-mL round-bottom flask was charged with compound S1 (10.0 g, 42.2 mmol, 1.00 equiv) and 2 M HCl (45.0 mL, 90.0 mmol, 2.14 equiv). Sodium nitrite (3.50 g, 50.7 mmol, 1.20 equiv) in H2O (30 mL) was added dropwise at 0 °C. After stirring at 0 °C for 45 min, a solution of potassium iodide (10.5 g, 63.3 mmol, 1.50 equiv) in H2O (100 mL) was added dropwise. Dichloromethane (150 mL) was added to the dark-red mixture and the resulting mixture was stirred at 23 °C for 4 h. The layers were separated, the aqueous layer was extracted with dichloromethane (30 mL × 4), and the combined organic layers were dried over MgSO4. Solvent was removed in vacuo and the orange residue was purified by SiO2 chromatography (hexanes/ethyl acetate = 9/1) to afford 10.2 g of title compound as a white solid (70% yield). 1 
S6
Synthesis of Diethyl 5-((Trimethylsilyl)ethynyl)isophthalate (S3)
Compound S3 was prepared according to the following modification of literature methods. 5 A 250-mL Schlenk flask was charged with compound S2 (9.00 g, 25.9 mmol, 1.00 equiv), tetrakis(triphenylphosphine)palladium(0) (0.900 g, 0.779 mmol, 0.0301 equiv), copper(I) iodide (0.300 g, 1.58 mmol, 0.0610 equiv), THF (45.0 mL), and diisopropylamine (45.0 mL). The resulting mixture was degassed by three freeze-pump-thaw cycles and was then cooled to 0 °C. A 25-mL Schlenk flask was charged with (trimethylsilyl)acetylene (9.90 mL, 71.5 mmol, 2.76 equiv). The (trimethylsilyl)acetylene was degassed by three freeze-pumpthaw cycles and was transferred to the reaction mixture (0 °C) via cannula. The reaction mixture was allowed to warm to 23 °C at which temperature it was stirred for 15 h. At this time, solids were removed by filtration and were washed with hexanes (90 mL). The filtrate was concentrated to give dark-yellow oil, which was purified by SiO2 chromatography (hexanes/ethyl acetate = 8/2) to afford 7.01 g of title compound as a lightyellow solid (85% yield). 1 Compound S4 was prepared according to the following modification of literature methods. [5] [6] A 100-mL round-bottom flask was charged with compound S3 (2.07 g, 6.52 mmol, 1.00 equiv), THF (25 mL), and EtOH (12.5 mL). Cesium fluoride (1.00 g, 6.58 mmol, 1.01 equiv) was added to the reaction mixture and the reaction was stirred at 23 °C for 1 h. At the time, the solids were removed by filtration and washed with CH2Cl2 (10 mL). The filtrate was concentrated in vacuo in a 100-mL Schlenk flask. bis(triphenylphosphine)palladium(II) dichloride (0.100 g, 0.142 mmol, 0.0216 equiv), triphenylphosphine (0.0765 g, 0.292 mmol, 0.0448 equiv), and triethylamine (50 mL). The resulting mixture was degassed by three freeze-pump-thaw cycles before CuI (0.0550 g, 0.289 mmol, 0.0443 equiv) was added. The reaction vessel was sealed under an N2 atmosphere and heated to reflux for 16 h. At this time, volatiles were removed in vacuo, the dark-yellow residue was taken up in chloroform (100 mL) and washed with water (75 mL). The layers were separated, the aqueous layer was extracted with chloroform (30 mL × 4), the combined organic layer was dried over MgSO4, and solvent was removed in vacuo to afford dark-yellow solids. The crude solids were purified by SiO2 chromatography (hexanes/ethyl acetate = 8/2) to afford 0.851 g of title compound as a light-yellow solid (77% yield based on tribromobenzene). 1 H6btei was prepared according to the following modification of literature methods. 6 A 100-mL round-bottom flask was charged with compound S4 (0.600 g, 0.740 mmol, 1.00 equiv), THF (12 mL), and 1M KOH solution (18 mL). The resulting solution was heated to reflux for 4 h. After this time, 12 M HCl was added until pH = 1 and the reaction mixture was stirred at 23 °C for 16 h. Solids were collected and washed with H2O to afford 0.418 g of title compound as an amber solid (88% yield). 1 
Synthesis of H4abtc (S5)
Compound S5 (H4abtc) was prepared according to literature methods. 7 A 250-mL roundbottom flask was charged with 5-nitroisophthalic acid (4.75 g, 22.5 mmol, 1.00 equiv), NaOH (12.5 g, 313 mmol, 13.9 equiv), and H2O (63 mL). The reaction mixture was stirred at 60 °C for 1 h. A solution of glucose (25.0 g, 139 mol, 6.18 equiv) in H2O (37 mL) was prepared at 60 °C and was slowly added to the reaction mixture. The brown mixture was cooled to 23 °C and air was bubbled through the reaction mixture for 16 h. At this time, the reaction mixture was cooled to 0 °C, and solids were isolated by filtration. The solids were dissolved in H2O (50 mL) and the aqueous solution was acidified with conc. HCl to pH < 1. The resulting solids were isolated by filtration, washed with H2O, and dried at 120 °C to afford 3.09 g of title compound as an orange solid (77% yield). 1 
-triyltris(methylene))tris(oxy))triisophthalic Acid (S7)
Compound S7 was prepared according to the following modification of literature methods. 10 A 1-L round-bottom flask was charged with dimethyl-5-hydroxyisophthalate (6.35 g, 30.2 mmol, 7.49 equiv), potassium carbonate (13.0 g, 94.1 mmol, 23.4 equiv), and DMF (125 mL) and the reaction mixture was heated at 100 °C for 1 h. At this time, 1,3,5-tris(bromomethyl)benzene (1.44 g, 4.03 mmol, 1.00 equiv) and DMF (5 mL) was added and the reaction mixture was heated to 100 °C for 1 h. At this time, H2O (400 mL) was added to the reaction mixture and the resulting white solids were isolated by filtration and washed with cold water. The solids were taken up in MeOH (125 mL) and a sodium hydroxide was added as a 2.0 M aqueous solution (30.0 mL, 60.0 mmol, 14.9 equiv). The reaction mixture was heated to 50 °C for 12 h. The reaction mixture was cooled to the mixture was acidified by conc. HCl until pH < 1. The solids were filtered and washed with cold H2O to afford 2.25 g of the title compound (85% yield). 1 
Synthesis of PdZn(OAc)4·H2O
PdZn(OAc)4·H2O was prepared according to literature methods. 11 A 10-mL round-bottom flask was charged with Pd(OAc)2 (0.100 g, 0.445 mmol, 1.00 equiv), zinc acetate hexahydrate (0.135 g, 0.454 mmol, 1.02 equiv), and glacial acetic acid (3 mL). The resulting mixture was heated to reflux for 1 h. After this time, the reaction mixture was allowed to stand at 23 °C for 16 h and brown crystals formed. Solids were collected and washed with cold benzene and hexanes to afford 0.087 g of title compound as yellow crystals (46% yield). The PXRD pattern obtained for PdZn(OAc)4·H2O matched the pattern simulated for single-crystal X-ray diffraction (Figure S13 
Synthesis of Cu3btc2
Cu3btc2 was prepared according to literature methods. 12 A 150-mL thick-walled vessel was charged with H3btc (1.50 g, 7.14 mmol, 1.00 equiv), copper(II) nitrate trihydrate (3.00 g, 12.4 mmol, 1.74 equiv), DMF (25 mL), EtOH (25 mL), and water (25 mL). The resulting mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 85 °C for 1 d. At this time, the hot mother liquor was decanted and the obtained crystalline solids were washed with DMF (20 mL × 2) and dichloromethane (20 mL × 2). The solids were soaked in dichloromethane for 6 d and the solvent was refreshed two times per day. Solvent was removed in vacuo to afford 2.53 g of the title compound as a purple solid. The PXRD pattern of synthesized Cu3btc2 was consistent with reported data. 12 
Synthesis of Zn3btc2
Zn3btc2 was prepared according to literature methods. 13 A 48-mL thick-walled vessel was charged with H3btc (0.316 g, 1.50 mmol, 1.00 equiv), zinc nitrate hexahydrate (0.682 g, 2.29 mmol, 1.53 equiv), and DMF (40 mL). The resulting mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 85 °C for 16 h. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMF (20 mL × 2) to afford 74.0 mg of title compound as a white solid. The PXRD pattern of synthesized Zn3btc2 was consistent with reported data. 13 
Synthesis of Cu3btei
Cu3btei was prepared according to literature methods. 6 A 1-dram vial was charged with H6btei (10.0 mg, 0.0156 mmol, 1.00 equiv), copper(II) nitrate trihydrate (30.0 mg, 0.124 mmol, 7.95 equiv), one drop of HBF4 solution (48% w/w), and DMF (1.5 mL). The reaction mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 75 °C for 3 d. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMF (0.5 mL × 3) to afford 19.2 mg of title compound as a blue solid. The PXRD pattern of synthesized Cu3btei was consistent with reported literature data. 6 Cu(NO 3 
Synthesis of Zn2abtc (S8)
Zn2abtc was prepared according to the following modification of literature methods. 14 A vial was charged with H4abtc (35.8 mg, 0.100 mmol, 1.00 equiv), zinc nitrate hexahydrate (89.2 mg, 0.300 mmol, 3.00 equiv), and DMF (2.5 mL). The reaction mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 100 °C for 1 d. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMF (1.0 mL × 3) to afford title compound as an orange solid. The PXRD pattern of synthesized Zn2abtc was consistent with reported literature data. 14 
Synthesis of Zn3(S6) (S9)
Compound S9 was prepared according to literature methods. 15 A vial was charged with compound S6 (50.0 mg, 0.0715 mmol, 1.00 equiv), zinc nitrate hexahydrate (170 mg, 0.571 mmol, 7.99 equiv), and DMA (3.5 mL). The reaction mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 85 °C for 3 d. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMA (1.0 mL × 3) to afford title compound as a colorless solid. The PXRD pattern of synthesized S9 was consistent with reported literature data. 15 
Synthesis of Zn3(S7) (S10)
Compound S10 was prepared according to the following modification of literature methods. 10 A vial was charged with compound S7 (18.0 mg, 0.0273 mmol, 1.00 equiv), zinc nitrate hexahydrate (12.0 mg, 0.0403 mmol, 1.48 equiv), NMP (1.0 mL), and DMF (1.0 mL). The reaction mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 85 °C for 12 h and then 105 °C for 24 h. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMF (1.0 mL × 3) to afford title compound as a colorless solid. The PXRD pattern of synthesized S10 was consistent with reported literature data. 10 Zn(NO 3 
Synthesis of Zn3btei
Microcrystalline Zn3btei was prepared according to the following modification of literature methods. 17 A 1-dram vial was charged with H6btei (8.00 mg, 0.0125 mmol, 1.00 equiv), zinc nitrate hexahydrate (12.0 mg, 0.0403 mmol, 3.22 equiv), and DMF (0.5 mL). The reaction mixture was sonicated until a homogeneous solution was obtained and the reaction solution was allowed to stand at 75 °C for 2 d. At this time, the reaction was cooled to 23 °C and solvent was decanted. The crystalline solids were washed with DMF (0.5 mL × 3) to afford 7.90 mg of title compound as an amber solid. The PXRD pattern of synthesized Zn3btei was consistent with reported literature data. 16 Crystalline Zn3btei was prepared according to literature methods. 6 
Transmetalation of Zn3btei
Zn3btei was soaked in CHCl3 for 3 d or 28 d and the solvent was refreshed three times per day. Pd(OAc)2 was purified prior to use. Pd(OAc)2 was dissolved in CHCl3, filtered through Celite, and CHCl3 was removed under vacuum. A 0.5-dram vial was charged with Zn3btei (7.4 mg), Pd(OAc)2 (2 mg), and chloroform (0.5 mL) and the Pd solution was refreshed weekly. Elemental Analysis (EA) for [Pd2.25Zn0.75(btei)(H2O)13(C3H7NO)0.6(CHCl3)0. 
Back-Exchange of Pd3btei with Zn(II)
A 0.5-dram vial was charged with Pd3btei (7.40 mg), zinc nitrate hexahydrate (50.0 mg) and MeCN (0.5 mL) and the mixture was allowed to stand for 7 d.
Digestion of Pd3btei with AcOH
A 1-dram vial was charged with Pd3btei (5.0 mg) and AcOH (1.0 mL). After sonication at 23 °C for 3 min, the solution was discarded. The solids were washed with MeOH (0.5 mL x 3) and the volatiles were removed in vacuo. 1 H NMR of the solids corresponded to that of H6btei.
Treatment of Pd3btei with BnOH
An NMR tube was charged with Pd3btei (6.30 mg, 0.00677 mmol, 1.00 equiv), benzyl alcohol (2.00 μL, 0.0192 mmol, 2.84 equiv), mesitylene (2.00 μL, 0.0145 mmol, 2.14 equiv), and CDCl3 (0.45 mL). The reaction mixture was agitated using a mechanical shaker for 24 h at 23 °C. At this time, benzaldehyde was detected by 1 H NMR and the yield was determined to be 21% by integration against the resonances of mesitylene.
General Procedure for Oxidation with Peracetic Acid
A one-dram vial was charged with Pd3btei (0. 
General Procedure for Oxidation with 2-Tert-butylsulfonyl Iodosylbenzene (S11)
A one-dram vial was charged with Pd3btei (0.00445 mmol, 1.00 equiv), hypervalent iodine reagent S11 (15.0 mg, 0.0441 mmol, 9.90 equiv), and CH2Cl2 (0.30 mL). After stirring at 23 °C for 16 h, solution turned light yellow and some of the solids remained undissolved. DCM was decanted and water (0.30 mL) was added and the solution was filtered.
[C9H5O6]⁻ was observed by mass spectrometry (ESI negative, calc: 209.0085; expt m/z: 209.0087). Similar experiments were conducted with Zn3btei and H6btei using S11.
[C9H5O6]⁻ was observed by mass spectrometry in each of these experiments.
General Procedure for CS2 Experiment
A one-dram vial was charged with Pd3btei (2.0 mg), CS2 (0.01 mL), and CH2Cl2 (0.5 mL). The reaction mixture was allowed to sit for 1 h at 23 °C. At this time, the reaction solvent was decanted and IR spectra were recorded for the remaining solids. Similar experiments were conducted with Zn3btei and Pd(OAc)2 using CS2. For Pd(OAc)2, the reaction was allowed to air dry prior to acquisition of the IR spectrum.
Attempt to Directly Synthesize Pd3btei under Cation Exchange Conditions
A 20-mL vial was charged with Pd(OAc)2 (60.0 mg, 0.267 mmol, 4.01 equiv), H3btc (14.0 mg, 0.0666 mmol, 1.00 equiv), and CHCl3 (15.0 mL). After standing at 23 °C for 24 h, solvent was removed in vacuo to afford white and orange solids. PXRD analysis of the solids did not display any of the signals attributable to M3btei frameworks. . N2 adsorption isotherms for Zn3btei and Pd3btei at different conditions. Supercritical CO2 activation and heating (45 °C) were incapable of access higher gas uptake capacity. N2 adsorption isotherms collected at 77 K (a) for Zn3btei that was activated by vacuum twice at 23 °C (adsorption (l;l), desorption (¡;¡)) and by supercritical CO2 (adsorption (l), desorption (¡)); (b) for Pd3btei that was activated at 45 °C for 16 h (absorption (l), desorption (¡)); and, for Pd3btei that was activated by supercritical CO2 (absorption (l), desorption (¡)). 
C.4. Single-Crystal X-Ray Diffraction
The single crystal X-ray diffraction experiment was conducted using synchrotron radiation (λ = 0.41328 Å) equipped with a Pilatus3 X CdTe 1M detector and an Oxford cryostream cooling device operating at 100 K at NSF's ChemMatCARS Sector 15 of Advanced Photon Source (APS) housed at Argonne National Laboratory (ANL). Data were collected as a series of phi scans. Indexing was performed using Bruker APEX3. Data integration and reduction were performed using SaintPlus. Absorption correction was performed by multi-scan method implemented in SADABS. Space group was determined using XPREP implemented in APEX3. Structures were solved using SHELXT and refined using SHELXL-2017 (fullmatrix least-squares on F 2 ) with OLEX2 interface program. All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed at idealized positions and refined using a riding model. Despite using synchrotron radiation, the best crystal sample diffracted only up to 1.12 Å resolution after many attempts. EXYZ and EADP commands were used to refine the partially exchanged Zn site. Considering that large accessible voids with this structure accommodate heavily disordered solvent molecules, solvent mask in OLOEX2 was thus employed to process the refinement. Crystal data and structure refinement conditions are shown in Table S8 . Table S12 . EXAFS data analysis of (PdZn)1.5btei. N, coordination number. S0 2 , amplitude reduction factor. R, the distance between absorber and scatterer; s 2 , the Debye-Waller factor; DE0, the energy shift. R-factor is 0.016. Figure S10 . EXAFS Zn K-edge data (window range 1.0 Å -3.8 Å) for (PdZn)1.5btei; experiment data (-) and fit (-) using the FEFF9 code. Fourier transforms (FT) of the Pd Kedge EXAFS data measured on the sample following 50% Pd exchange. Left: the FT moduli; right: real parts of the FTs. Table S13 . EXAFS data analysis of (PdZn)1.5btei. N, coordination number. S0 2 , amplitude reduction factor. R, the distance between absorber and scatterer; s 2 , the Debye-Waller factor; DE0, the energy shift. R-factor is 0.020. . PXRD pattern of calculated S10 (-), as-synthesized S10 (-), and Pdexchanged S10 (-).
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